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Description 

FIELD OF THE INVENTION 

5 The present inventKxi relates generally to the superfamrly of nuclear receptors known as the sterotdAhyroid hor- 

mone receptors and their cognate response elements More particularly the present invention relates to discovery c4 
3-retinoic acid response elennents {^RAREs), which may be used to enhance transcnplional actrvrty of promoters. 

3ACKGRCb'ND OF THE INVENTION 

JO 

A central question in eukaryotic molecular biology is how specific DNA-binding proteins bind regulatory sequertces 
to influence cell function and fate The steroid/thyroid hormore receptors form a superfamily of iigand-dependent tran- 
scription factors that are believed to play a part in such cell function and fate. For example, rt is known that these 
receptors transduce extracellular hormonal signal to target genes that contain specifk; enhancer sequences referred 
'5 10 as hormone-response elements (HREs). Each receptor contains a tigand-binding domain and a DNA-binding domain. 
The receptor undergoes a conformational change when it binds ligand whk:h conformational change permits the re- 
ceptor-ligand complex to bind its cognate response element and thereby regulate transcriptk^nal activity of an associ- 
ated promoter, which drives transcription of an operativety associated structural gene. 

Sequence comparison and mutationat analyses of hormone receptors such as glucocorticoid receptor (GR) have 
20 identified functional domains responsible for transcriptional activation and represskxi, nuclear localizatbn, ON A bind- 
ing and hormone binding. The DNA binding domain, which is required in order to activate transcription, consists of 
66-68 amino acids of which about 20 sites, including nine cysteines (Ci to Cg), are Invariant anr>ong different receptors. 
The modular structure of mennbers of this receptor superfamily allows the exchange of one domain for another to create 
functional, chimeric receptors. 

2S The hormone response elements are generally structurally related but in fact are functionally distinct. The response 

elements for GR (GRE), estrogen receptor (ERE), and thyrokj hormone receptor (TRE) have been characterized in 
detail; they consist of a palindromic pair of 'half sites* (Evans, Science 240 , 889 (1988); Green and Chambon, Trends 
In Genetics 4, 309 (1988)) With optimized pseudo- or consensus response elements, only two nucleotides per half 
site are different in GRE and ERE (Klock, et al.. Nature 329. 734 (1987)). On the other hand, identical half sites can 

30 be seen in ERE and TRE, but their spacing is different (Glass, et al., Cell 54, 313 (1988)). f^reover, TRE has been 
shown to mediate transcriptional activation by transfected retinoic ackJ receptors (RARs) in CV-1 cells whereas non- 
transfected cells show no response. (Umesono et al., Nature 336, 262 (1988)). In other words, both TRs and RARs 
can activate TREs. 

It IS, thus, surprising that the p-retinoic acid response elements (pRAREs) disck»ed herein have a tandem repeat 
35 sequence as opposed to a palindromk: sequence, and are much less susceptible to transcriptional^ activation by non- 
cognate receptors (e.g., estrogen receptor (ER). GR. thyroid horrrxxie receptor (TR), etc.) than the known response 
elements (GRE, ERE TRE). Also surprising is that constructs having pRAREs in a wide variety of mammalian cells 
have shown robust retinotc acid (RA)-dependent tnductk>n in the absence of cotransfectod retinoic acid receptor (RAR)- 
encoding expression vector This discovery suggests that virtually all mammalian cells express a tow level of endog- 
40 enous pRAR that is sufficient for efficient activation of vectors containing the pRARE, but apparently betow a threshold 
for activation of the prevbusfy studied TREs. 

Thus, using transcriptional control regions comprising pRARE and a functional pronr>oter, it is now possible to 
provkie reconnbtnant DNA vectors containing a gene, the transcriptkyi (and, thereby, also expression) of which is under 
the control of a promoter, the transcriptional activity of whk;h is responsrve to (and trjcreased by) retinoic acci. without 
^5 the necessity of cotransfectkxt with a vector providing expression of RAR. 

SUMMARY OF THE INVENTION 

We have discovered, and characterized by sequence. DNA segments whicti are PRAREs and linkages, between 
50 said segments and promoters, which are operative to confer responsiveness to retinoic acid on transcript kxial activities 
of the promoters in mammalian cells. We have also discovered that the transcriptional activity enhancing effect of 
3RARES occurs in all mammalian cells in the presence of retinoc acid, indcating that PRAR is present endogenously 
in all of these cells 

55 DETAILED DESCRIPTION OF THE INVENTION 

In the present specification and claims, reference will be made to phrases and terms of art whk:h are expressly 
defined for use herein as follows: 
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As used herein, RARp or ^AR means retinoic acid receptor beta. 

As used herein, CAT mearw chkxamphenicol acetyttransferease; LUC mean firefty luciterase; p-Gal means pga- 
lactosidase. 

As used herein, COS means monkey kidney cells which express T antigen (Tag). See Gluzman. Cell 23:175 
5 (1981). 

As used herein. CV-1 means mouse kidney cells from the cell line referred to as 'CV-1 " CV-1 is the parental line 
of COS Unlike COS cells, which have been transformed to express SV40 T antigen (Tag), CV-1 celts do not express 
T antigen. 

As used herein. pRARE's mean p retinok; acid response elements. pRARE's are enhancer-like DNA sequences 
'0 that confer retinoic acid (RA) responsiveness via interaction with the pRAR-RA complex, to transcriptional activrty of 
promoters linked operatively for such responsiveness to a pRARE, 

As used herein, the terms 'transcriptional control regKsn" or 'transcriptionat control element', means a DNA seg- 
ment comprising a pRARE operativety linked to a promoter to confer retinoic acid responsiveness to transcriptional 
activity of the promoter 

'5 As used herein, the phrase 'operatively linked* means that the linkage (i e , DNA segment) between the DNA 

segments so linked is such that the described effect of one of the linked segments on the other is capable of occuring. 

Effecting operable linkages for the various purposes stated herein is well within the skill of those of ordinary skill 
in the art, particularly with the teaching of the instant specification. 

As used herein, the phrase "promoter being naturally unresponsive to RA" means that RA does not enhance 
20 transcription from the promoter to an observable extent in a mammalian cell unless a pRARE is spliced or inserted, 
by recombinant DNA or genetic engineering methods, into a DNA segment comprising the promoter upstream of the 
promoter (relative to the direction of transcriptkxi therefrom) and linked to the promoter in a manner which makes 
operative responsiveness to RA of the transcriptional activity from the promoter 

Use of the term 'substantial sequence honrralogy' in the present specificatkDn and claims means i1 is intended that 
25 DNA or RNA sequences which have de minimus sequence variations from, and retain the same functions as. the actual 
sequences disclosed and claimed herein are within the scope of the appended claims. 

The nucleotides which occur in the various nucleotide sequences appearing herein have their usual single-letter 
designations (A, G, T. C or U) used routinely in the art. 

In the textual portion of the present specrfication and claims, references to Greek letters may be written as alpha 
30 beta, etc. In the Figures and elsewhere in the specification, the corresponding Greek letter symbols are sometimes 
used. 

In one of its aspects, the invention is a vector for expression in a mammalian cell of a protein, said expression 
under control of a transcriptional control regk)n of the vector, sakl transcriptional control region comprising (1 ) a pro- 
moter, which is linked operatively tor transcription to a first DNA segment, which is expressed as the protein, and (2) 
35 a second DNA segment, whrch comprises a subsegment of sequence S'-GTrCACn, n^njn^njGTTCAC-S'. wherein n^ , 
Dg, r\y n^ and are independently A, T C or G, sakJ subsegment of said second DNA segment being linked operatively 
to said promoter to confer responsiveness to retinoic ackJ on transcriptkxial activity from the promoter, provided that 
the transcriptional activity of the promoter is naturally unresponsive to retinok; acid. 

With respect to the promoter which is part of a transcriptional control region of the inventk>n, practically any promoter 
^0 may be used, so kyig as the transcriptional activrty of such a pronKtter may be enhartced by a PRARE-containing DNA 
segment suitably po6itk>ned upstream from the promoter and provided that such promoter is naturally unresponsive, 
in its transcriptional activity, to retir»oic acid Anrxjng such prorrxjters are Delta-MTV pronnoter, Herpes thymidine kinase 
(tk) promoter and basal SV-40 promoter Very desirable are promoters whch require a response element for activity 
On the other hand, very strong prorrwiers, which drive transcription in the absence of enhancers, are not desirable 
*s promoters for use in the transcription control regions, and vectors, of the invention. 

Virtualty any protein or polypeptkJe of interest can be made with mammalian cell transformed with an expression 
vector of the invention. Such proteins include homDones. tymphokines, receptors or receptor subunits, immunoglobulin 
chains and the lika Indcator proteins such as LUC, CAT and P-Gal can also be made. 

In another of its aspects, the inventkxi entails a mammalian celt transtorrDed to express a protein from a vector 
50 for expression of sad protein, said vector comprising a trar^scriptk>nal control region comprising (1 ) a pronr>oter. which 
IS linked operativety for transcription to a first DNA segment which is expressed as the protein, and (2) a second DNA 
segment, which comprises a subsegment of sequence 5'-GTTCACnin2n3n4n5CTTCAC-3'. wherein n,, nj, n3, n4 and 
rtg are independently A. T. C or G, saki subsegment of said second DNA segment being linked operatively to said 
promoter to confer responsiveness to retinok; acid on transcnptk^nal activity from the promoter, provided that the tran- 
55 scriptionai activity of the promoter is naturally unresponsive to retinoic acid. 

Among the types of mammalian cells that can be transformed in accordartce with the invention are CV-1 COS, 
P9, P19, CHO, HeLa, NIH 3T3, Rat2 fibroblast. HT1080 T chick embryo fibroblasts and quail QT6 cells. 

In stilt arxDther aspect, the invention entails method tor testing activity of a test connpound as an agonist or antagonist 
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of retinoic ackJ, said methoO comprising: 

(a) culturing (i) in the presence of retinoic acid and the absence oi test compound and (ii) in the presence o1 both 
retinoic acid and test compound, a mammalian cell transformed to express a protein from a vector for expression 

5 of said protein, satd vector comprising a transcnptional control region comprising (1) a pronrrcter. which is linked 

operatfvely for transcription to a first DNA segment, which is expressed as the protein, and (2) a second DNA 
segment, which comprises a subsegment of sequence S'-GTTCACningnsn^nsGTTCAC-G'. wheretn n,. r^, n^. n^ 
and og are independently A, T, C or G, said subsegment of said second DNA segment being linked operatfvely to 
said promoter to confer responsiver^ss to retmoc acid on transcriptional activity from the promoter, provided that 

10 the transcriptional activity of the promoter is naturally unresponsive to retinoic acid; and 

(b) comparing the amount of said protein expressed during thtf two cufturings of step (a). 

The cells of the invention, including those employed in the method of testing compounds for RA activity, can op- 
tionally be co-transformed with an expression vector which expresses pRAR. 

15 Indeed, because a low level of responsiveness of PRAREs (in enhancing transcription from an operatfvely linked 

promoter) has also been observed with TR's and vitamin D3 receptor (VD3R), agonists and antagonists of thyroid 
hormones and vitamin D3 can be screened for by testing compounds, as described above, but using cells transtected 
with a suitable vector of the present invention and a vector expressing TR or VDSR. 

Receptors, assay methods, and other subject matter pertinent to the subject matter of the present specification 

20 may be found in the following references, which are incorporated herein by reference: Commonly assigned United 
States Patent Application Serial No 108,471, filed October 20, 1987 and published as PCT International Publication 
No. WO 88/031 68; commonly assigned United States Patent Applteation Serial No. 276,536. filed November 30, 1988 
and published as European Patent Application Publication No. 0 325 849; comnrwnly assigned United States Patent 
Application Serial No. 370,407. filed June 22, 1989, said Application listing a Budapest Treaty Deposit of a ptasmid 

25 harboring a cDNA encoding a gamma-retinoic ackJ receptor, said deposit having been made June 22, 1 989 and bearing 
American Type Culture Collection Accession No. 40623; Zelent et al., Nature 339, 714 (1989); Petkovich et al, Nature 
330 , 444(1987); Brand et al.. Nature 332, 850 (1988). 

In another of its aspects, the present invention entails a DNA segment for controlling transcription of a gene in a 
mammalian cell, said segment comprising a promoter linked operatively tor transcription to the gene and a subsegment 

30 with the sequence 5*-GTTCACnin2n3n4n5GTTCAC-3*, wherein ru,, nj. n^, and n^ are independently A, T, G or C. 
said subsegment linked operatively to said promoter to confer responsiveness to retinoic acid on transcriptional activity 
from the promoter, provided that transcriptional activity from the promoter is naturally unresponsive to retinoic acid 

pRARE may be provided on a DNA segment which possesses a tandem repeat of the 6 bp nnotif 5'-GTTCAC 
separated by 5 bp sequence, whrch sequence may be any randomly chosen nucleotide sequence. Especially preferred 

35 pRAREs are provided on the segments 

5 ' -AAGCTTAAGGGTTCACCGAAAGTTCACTCAGCTT, 

5 ' -AAGCTTAAGGGTTCACCGAAJVGTTCACTCGCATAGCTT and 

40 

5 ' -aagcttaagggttcaccgaaagtt;cactcgcatatattagctt , 

which DNA segments are adapted at the 5'- and 3'- ends to include a convenient restriction endonuclease site. 
Because the DNA segments which comprise the PRARE are relatrvefy short, they may be provided synthetically 

45 that is by synthesizing the pRARE-containing oligonucleotide on a DNA synthesizer as is known in the art. It Is very 
desirable to provide restriction endonuclease sites at the 3' and 5* end of the oligomer, such that the synthetic pRARE 
may be conveniently Inserted into a DNA expression vector at a site upstream from the promoter whose transcriptional 
activity IS to be enhanced »id which drive transcription of the desired gene. As those of ordinary skill in the art will 
understand, PRAREs, like other response elements, are orientation and, with wide latitude, position independent. Thus, 

so PRARE is functkx«l in either orientatkxi and may be placed in any convenient kxation from about 30 nucleotides 
upstream to about 10.000 nucleotides upstream from the promoter to be affected. 

Preferred mamnr^lian cells for use with the enhanced expressk^n systems of the inventk)n employing transcriptional 
control regions comprising beta-retinotc ackJ response element are COS cells and CV-1 cells. COS-1 (referred to as 
COS) cells are mouse kidney cells that express SV40 T antigen (Tag). CV-1 cells do not express SV40 Tag. CV-1 cells 

55 are convenient because they lack any endogenous glucocorticoid or mineralocorticoid or other known sterotd or thyroid 
hormone receptors, except that they do produce low levels of pRAR. Thus, via gene transfer with appropriate expressbn 
vectors comprising a heterotogous gene under the control of a transcript k>nal control region of the invention, it is possible 
to convert these host cells into transformed cells which produce increased quantities of a desired protein m response 
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to induction by retinoic acid. 

Expresston piasmda containing the SV40 origin of replication, can propagate to high copy number tn any host cell 
which exprewea SV40 Tag. Thua, expreseion plasmids carrying the SV40 origin of replication can replicate in COS 
celts, but not in CV-1 ceib. Although increased expression afforded by high copy number is desirable, it is not critical 
5 to the disclosed assay system. The use of any particular cell line as a host is also not critical, although CV-1 cells are 
preferred because they are particularly convenient for gene transfer studies and provide a sensitive and well described 
host cell system. 

EXAMPLE 4 

10 

The following demonstrates that the sequences in the promoter of the mouse RARp gene confer RA responsive- 
ness, and that these sequences represent a target specific for the three RA receptor subclasses (alpha-, beta- and 
gamma-RAR) The RA response element (RARE) does not mediate significant transcriptional activation by estrogen, 
glucocorticoid, but does weakly (about one order of magnitude less) mediate transcriptional activatin by vitamin D or 

'5 thyroid hormone receptors (complexed with cognate ligands). 

A mouse liver genomic DNA library (Clonetech) in lambda vector EMBL3 was screened with a human RARp cDNA 
probe to localize the RARE in the RARp gene. This resulted in the isolation of a genomic fragment containing approx- 
imately 10 kb of upstream sequence, the complete first exon, and 10 kb of the first intron. The sequence of a portion 
of this clone containing the first exon and proximal 5' DNA is shown in Figure 1 . The 10 kb upstream region was fused 

20 in-frame just downstream of the RARp translation initiatksn codon to a p-galactoskiase reporter gene (Fig. 2a). RAR- 
PL-pGAL was introduced into monkey kidney CV-1 cells cotransfectod with RAR expression vector Enzyme activity 
was induced upon retinoic acid addition, indicating that this region of genomk; DNA contains a functional promoter 
whch is responsive to retinoic acid. This was accomplished by introducing a Sail restriction srte into the genomic clone 
at the indicated position by site-directed mutagenesis; the 10 kb genomk; fragment was then excised and cloned into 

2S the p-galactosidase vector pLSV (a derivative of pGHIOl (Herman, G.E., O'Bnen, W E. and Beaudet, A.L Nuct. Acids 
Res., 14, 7130 (1986), modified to contain a Sail site and a polylinker sequence by oligo additk>n, to yield RAR-PL- 
[3GAL 

A series of deletions from the 5' end of RAR-PL-PGAL reveal that sequences mediating RA induction reside within 
the 2 kb Nhel-SacH fragment (Fig. 2a; Table bekDW). Subfragments ot this region were ctoned into the enhancer-de- 

30 pendent luciterase reporter ptasmid DMTV-LUC, which contains the mouse mammary turDor virus promoter with the 
natural GR response elements deleted (Hollenberg. S.M. and Evans, R.M. Cell, 55. 899-906 (1988)). A 183 bp Smal 
fragment (see Fig. 1 ) is able to confer retinok; acid responsiveness to this heterologous promoter in either orientation 
(Table). Oligonucleotide sequences (Fig. 2b) derived from this regbn were then used to further define the RA response 
element, either in DMTV-LUC or DMTV-CAT (Table below). 

3S Thyroid hormone response elenr>ent (TRE) has been shown to mediate transcriptional activation by transfected 

RARs in CV-1 cells, whereas non -transfected cells show no response. Umesono et al. Nature 336, 262-265 (1988) 
Surprisingly, when Detta-MTV-CAT constructs pRE1 , PRE2, and pRE3 (Figure 2) showed robust RA-dependent induc- 
tion in the absence of cotransfected RAR expresskxi vector. Cotransfection of RAR-alpha expresswn vector increased 
induction by only two-fokJ, which denrxxistrates that CV-1 cells express a low level of endogenous RA receptor that is 

40 sufficient for efficient activatkjn of vectors containing the pRARE, but apparently bek5w a threshoW for activation of the 
prevk>usty studied TREs. A survey of the foltowing cell lines indcated that all were able to efficiently transactivate the 
PRARE in an RA-dependent fashion in the absence of transfected RAR expression vector: CV-1 , F9 and PI 9 (rrx^use 
teratocarcinorr^s), CHO, HeLa. NIH 3T3, Rat2 fibroblasts, HT1080.T (human lymphoid), chick embryo fibroblasts, and 
quail QT6 cells. No cell lino has yet been tested which does not express this activity. 

45 lnspectk>n of the sequences of pREI , pRE2 and pRE3 (Fig. 2b) identifies a tandem repeat of the 6 bp motif GT- 

TCAC. The center to center separatk)fi of 11 bp between these repeats is one turn of the DNA helix. Constructs con- 
taining single copies of either the 5' or 3* half site (PRE4 and pRE5) are functional only upon cotransfectkxi of RAR 
expression vectors (Figure 2d). Not only does this indk:ate that the RARE is a bonafide target of all three RAR subtypes 
expressed from ckxied cDNA, but also demonstrates that these half sites can sen/e as a minimal RA response element 

so in the context of the Delta-MTV promoter. Apparently a single half-site (5*-GTTCAC-3*) is a low affinity target requiring 
high levels of receptor for activatkxi, and two sequences, when juxtaposed as a tandem repeal, create a high affinity 
binding site (via cooperative interactions) which is able to respond to the tow level of endogenous RAR present in CV- 
1 and other cells. 

To demonstrate that the sequences described above are direct binding sites for the RAR, extracts from transfected 
ss cells were mixed with ^^p-iabeled RARE, and the resulting complex immunoprecipitated with antibody specific to the 
transfected receptor For this purpose, a hybrid receptor (termed GRR) was created in whch the amino terminus of 
the glucocorttcoid receptor was coupled to the DNA binding and ligand binding domains of RARa. This hybrid receptor 
exhibits the RA deperxJence and target gene specificly of the RAR (D Mangelsdorf et al unpublished observatons) 
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progesterone, ..era.ocorticoK?, and'l^orid recepto"^^^^^^^^^^^^^^^ '^f '"^'^^"^ '"^^ 

5263-5276 (1988)). Thus rt might be exoected Z tZ T T ^ 16, 

respons,ve o the TR Er' otffer ^6^1^. ^ th °' "''''P 9*"" ^"'^ recprocallyTe 

colfe wrth construct mu.T^^or^ i^^^^^,^^^^^^^^ Cotranstectioo o, the ER, GR, in 2v-1 

irgaod although cotranstaction w«h TR a^^t^ro rp"r r^^^^^^ 

(about 10- ,0 20-.OW less) actuate the. cognate rrp^^eTe,^^ ' ^"'^ '^'^ ^'''"^ 

or RSV firArr' °' "^7°"^'^'^ '"'^i^'^*^ ''^^ ^able below were transfected into CV-1 cells wrth either RSV Lur 
or RSV-pGAL to normalize transfection efficiencies Transfections also inrh.rioH oad HSV-LUC 

.J^t^-sr— ^^^^ 

Retinolc acid inducibility of reporter constructs 
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Construct 


Fold increase 


RAR-PL-PGAL 


14 


RAR-DXN-pGAL 


22 


RAR-DNhSc-pGAL 


2 


DMTV-LUC 


2 


DMTV-SrTia183F-LUC 


10 


DMTV-Smal83R-LUC 


9 


DMTV-LUC 


2 


DMTV-(NR)-LUC 


2 


DMTV-bREl-LUC 


14 



DESCRIPTION OF THE DRAWIMrsR 

Figure 1 represents the sequence of the mouse PRAR promoter region and first exon The TATA and GrrrAr 
mo.fsareunderl^ed.thefirstexonsplk:es«e,slndicatedwl,hanar,ow.Amou^^ 

. the lambda vector EMBL3 was screened with the BamHI-SphI fragment of the hunL RA^ cDNaZ, bi-SS 

rn?sZi:::o;r;:^urcr.X"'" ^^^-^ — - 

frn "'.^ ^'t' '^P'"^*"'* *" ""^o a"a'ys« 0' RAR0 RA response element sequences, following a series of deletions 
cm me 5 end Of the sequence including the p retinoic ac<l response element The sequence a theTunS^ beSn 

aZ RrR;Zrr:l;'?r "^'^^ ^^-^ Numbere^am^o aci^ orr^ZdH 

native RARp transla1«n product. ReslrclKX, sites are N. NotI; X, Xhol; K, Kpnl; S, Sail; Nh. Nhel; Sc, SacllTa dotted 
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'ine represents plasmid sequences. 



>nto the UHK^ue HirxHII srte of the Oetta-mv vector. Promoter, and were included to allow insertion 
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=...™ .« m. M,o,^, Co.„«„„, , „ „, c„. 06, OK, PR, OB, 0», ,T, LI, LU, » 

5 • -GTTCAC-n,njnjn4n5-GrrCAC-3 • , 

wherein n, , n^. n,, a„ and are each indeper,dently selected (rom A, T, C, or G. 

2. A DNA segrr^n, according to Cairn , wherein n, is C, n^ ,s G, is A. n, is A, and n, is A. 

3. A DNA segment according to Claim 2 having the sequence: 

5 • -AAGCTTAACG-OTTCAC-CCAAA-GTTCAC-TCAGCTT-3 • . 

4. A DNA segment according to Claim 3 having the sequence: 



5 • -*AGCTTAAGG-GTTCAC-CGAAA^TrCAC-TC-CCAT-AGCTT-3 • . 

5. A DNA segment according to Claim 4 having the sequence: 

5 • -^GCTrAAGG-GTTCAC.CGAAA-GTrCAC-TCGCAT-ATArr-AGCTT-3 ' 

« 7. A DNA construct comprising a DNA segment selected from: 

5 • -GTTCAC-CGAAA-GTTCAC-3 • , 
5 • -AAGCrrAACG-GTTCAC-CCAAA-GTTCAC-TCAGCTT-3 • 
5 • -AAGCTTAACG-GTTCAC.CGAAA.GTTCAC-TC-GCAT-AG^-3 • or 
5'-AAGCTTAAGG.GrrCAC.CGAAA-GrrCAC-TCGCAT-ATATT-AGciT-3 • • 



ss 
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8. A DNA constaict according to Claim 6 or 7 wherein the promoter is the detta-N4TV prorDoter of mouse mammary 
tunnor virus. 

9. A DNA construct comprising the DNA construct of Claim 8 linked operatively for transcription to a gene. 

10. A vector for the expression of a protein of interest in a mamn^lian cell, said vector comprising the DNA construct 
of Claim 9. wheretn said gene erv:odes the protein of interest. 

11. A vector according to Claim 1 0 wherein the protein of interest is selected from luciferase, chtoramphenrcol acetyl- 
transferase, or beta-galactosidase 

12. A mammalian cell transformed wtth the vector of Claim 10 or 11 . 

1 3. A mammalian cell according to Claim 12 wherein the cell is of a type selected from CV-I , COS, F9, CHO. HeLa 
NIH 3T3, Ral2 fibroblasts, HT1080.T, chick embryo fibroblast, or quail QT6 cells. 

14. A method for the controlled expression of a gene of interest, said method comprising culturing cells of Claim 12 
or 13 in the presence or absence of retinoic acid. 

1 5. A method for testing the activity of a test compound as an agonist of retinoic acid, said method comprising: 

(a) cutturing a mammalian cell according to Claim 12 or 13 in the presence, or in the absence, of the test 
compound; and thereafter 

(b) comparing the amount of said protein expressed during the culturing in the presence, or in the absence, 
of the test compound. 

16. A method for testing the activity of a test compound as an antagonist of retinoic acid, said method comprising: 

(a) cultunng a mammalian cell according to Claim 12 or 13 in the presence of retinoic acid, and further: 

(i) in the presence of the lest compound, or 

(ii) in the absence of the test compound: and thereafter 

(b) comparing the amount of said protein expressed during the (i) and (ii) culturing steps. 
Claims for the following Contracting Stat« : E3 

1 , A method for the production of a DNA segment comprising a p-retinoic acid response element operative to confer 
responsiveness to retinoic acid on the transcriptional activation of pronnoters in rmnrvnalian cells, said segment 
having the sequence: 



5 • -GTTCAC-n^njnjn^n^-GTTCAC-a ' , 



wherein n^, nj, r\y n^, and nj are each independently selected from A, T. C, or G. 

2. A method for the production of a DNA segment according to Claim 1 wherein is C, nj is G, ng is A, n^ is A. and 

n^ IS A. 

3. A method for the production of a DNA se^nent according to Claim 2 having the sequence 



5 * -AAGCTTAAGG-GTTCAC-CGXAA-GTTCAC-TCAGCTT-3 ' . 
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4. A method for the production o( a DNA segmenl according to Claim 3 having the sequence: 

^ 5 • -AAGCTTAAC;C-CTTCAC-CGAAA-GTTCAC-TC-GCAT-AGCTT-3 • . 

5. A method for the production of a DNA segment according to Claim 4 having the sequence; 

'"^ 5 ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCGCAT-ATATT-AGCTT-3 * . 

6, A method for the production of a DNA construct comprising the DNA segment of any one of Claims 1 -5 operativety 
linked to a promoter which is not normally subject to transcriptional activation by retinoic acid; wherein the DNA 

'5 and the promoter are operativety linked so as to confer transcriptional activation activity on said promoter in the 

presence of retinoic acid. 

7, A method for the productkjn of a DNA construct comprising a DNA segment selected from; 

20 

5 • -GTTCAC-CGAAA-GTTCAC-3 • , 
5 ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCAGCTT-3 ' , 
5 • -AAGCrTAAGG-GTTCAC*CGAAA-GTTCAC-TC-GCAT-AGCTT-3 ' , or 

25 

5 • -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCGCAT-ATATT-AGCTT-3 ' ; 



wherein said DNA segment is operatively linked to a promoter which is not normally subject to transcriptional 
30 activation by retinoic acid; wherein said DNA segment and said pronDoter are operatively linked so as to confer 

transcriptional activation activity on said promoter in the presence of retinoic acid. 

8. A method for the production of a DNA construct according to Claim 6 or 7 wherein the prooKiter is the defta-MTV 
promoter of mouse mammary tumor virus. 

35 

9. A method for the production of a DNA construct compnsing the DNA construct of Claim 8 linked operatively for 
transcription to a gene. 

10. A method for the production o1 a vector for the expression of a protein of interest in a mammalian cell, said vector 
^0 comprising the DNA constmct of Claim 9, wherein said gene encodes the protein of interest 

11 . A method according to Claim 1 0 wherein the protein of interest is selected from luciferase, chtoramphenicol acetyl- 
transferase, or beta-galactosidase 

45 1 2. A method tor the production o( a mammalian cell transformed with the vector of Claim 1 0 or 11 . 

1 3. A method according to Claim 1 2 wherein the cell is of a type selected from CV-1 . COS, F9, CHO, HeLa, NIH 3T3. 
Rat2 fibroblasts, HT1080.T. chick embryo fibroblast, or quail QT6 cells. 

so 14. A method for the controlled expression of a gene of interest, said method comprising cutturing cells of Claim 12 
or 13 in the presence or absence of retinoic acid. 

15. A method for testing the activity of a test compound as an agonist of retinoic acid, sakj method comprising; 

55 (a) culturing a mamnr«lian cell according to Claim 12 or 13 in the presence, or in the absence, of the test 

compound; and thereafter 

(b) comparing the amount of said protein expressed during the culturing in the presence, or in the absence, 
of the test connpound 
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-.. . ,« „ , ^ ^^^^ ^ ^ 

(.1 . „ ,„ ^ ^^^^ ^ ^ 

(i) in the presence of the test compound or 

(11) m the absence ot the test compound and thereatter 

(b) comparing ,he amount o, sa« protein expressed during the (i) and (ii) culturing steps. 
PatontantprOch© 

Sequenz hat; Awrvierung von Promotoren in Saugerzellen. wobei das Segment die 

5 • -GTTCAC-nin2njn^nj-GTTCAC-3 • 

worin n„ n„ n,, n, und Og jeweils unabhangig auagewahrt sind aus A. T C oder G. 
2- DNA-Segment nach Anspruch 1 . worn C ist. n, «t G. n3 .t A. n, .st A und n^ ist A. 

3. DNA-Segment nach Anspruch 2 mrt der Sequenz: 

5 ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCAGCTT-3 ■ 

4. DNA-Segment nach Anspruch 3 mrt der Sequenz: 

5 • -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TC-GCAT-AGCTT-3 ' 

5. DNA-Segment nach Anspruch 4 mrt der Sequenz: 

5 ' -AACKrETAAGO.OTTCAC-CGAAA-OTTCAC-TCCOlT-ATATT-AOCTT-3 • . 

v«>rindieDNAundderp3«Z^tir^^^^^ ^"^'^^""9 Retlnoinsaure unterliegt 

Promotor . Gegenwart v^ReZrnSrvJS^^^^^^^^^^ 

r. DNA-Konstrukt. umfassend ein DNA-Segment, ausgewahit aus: 

S • -GTTCAC-CGAAA-GTTCAC- 3 ' , 
S ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCAGCTT- 3 • , 
5 • -AAGCTTAAGa-aTTCAC-CGAAA-GTTCAC-TC-GCAT-AGCTr-3* , Oder 
S ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCGCAT-ATATT-AGCTT-3 ' ; 
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(a) K*, .„„ „3„ ,^ ^ ^^^^^^ ^ ^^^^^^^^ 

(i) in Gegenwan der Teslverbindung oder 

W m Abwesenheit der TesWerbindung; und anschlieOend 

(b) Vergla^r, d. Monge dee w^.nd der (i) und (ii) Ku«urschri«e expnmie.eo Protein,. 
Patwtan.pruchefur tel9«,d.n VerUage.iaat : ES 

gerzellen. wobei dae Segment die So^ueH^^ tran,kr,ptKx,ale Aktivierong von Prcxnotoren in Sau- 

5 ' -GrTCAC-nin,n,n,n,-GTTCAC-3 • 
wohn n„ nj, n,. n, und n; ,ewe,l5 unabhangig ausgewahit 5ind aus A, T, C Oder Q, 
3. rA"^---ste,..geinesONA.eg.entsnac.Anspr.M..nnn,C^ 
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3. Vertahren zur Herstellung eines DNA-Segments nach Anspruch 2 mit der Sequenz: 

S' -AAGCTTAAGG-GTTCAC-CaAAA-aTTCAC-TCAOCTT-3 ' . 

4. Verfahren zur Herstellung eines DNA-Segments nach Anspruch 3 mit der Sequenz: 

5 ' -aaqcttaagg-gttcac-cgaaa-gttc::ac-tc-gcat-agctt-3 ' . 

k 

5. Vertahren zur Herstellung oines DNA-Segments nach Anspruch 4 mil der Sequenz: 

5 ' -AACCTTAACG-GTTCAC-CaAAA.GTTCAC-TCGCAT-ATATT-AGCTT-3 ' 

bTf r ""7""""^ "'"'^ssend das DNA-Segnent gemafl einem der Anspruche 1 

d rch ZlT ''""'P" "*cht SK^er transkriptiooaten AMMerung 

durch Re„r,o,nsaure un erhegt, worm die DNA und der Promoter operativ so verknOptt 3,rxi, daG eine trar,skript,o 
nale Akiivierungsaktr/itat auJ dem Promotor in Gegenwart von Retinoinsaure vermittell wird. 

7. Verfahren zur Herstellung eines DNA-Konstrukts, umfassend ein DNA-Segnent. ausgewahtt aus: 

5 ' -GTTCAC-CGAAA-aTTCXC-J ' , 
5 ' -AAGCTTAAGG-GTTCAC-CC3flAA-aTTCXC-TCAGCTT-3 ' , 

5 • -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TC-GCAT-AaCTT-3 • , oder 
5 ' -AAGCTTAAGG-GTTCAC-CGAAA-GTTCAC-TCGCAT-ATATT-AGCTr-3 • ; 

^omjas DNA-Segment operativ an einen Promotof verknOptt ist, der normaleiweise nicht einer transkrb- 
'^^r H H Retinoinsaure unterliegt, worin das DNA-Segment und der Promotor operativ so ver- 
knuptt sind, da(3 transknptionale AWivierungsaktivitat auf dem Promotor in Gegenwart von Retinoinsaure vermittelt 

8. Vertahren zur Herstellung eines DNA-Konstmkts nach Anspruch 6 Oder 7, worin der Promotor der delta-MTV- 
Promotor des Maus-Gebarmutter-Tumorvirus ist. 

9. Venahren zur Herstellung eines DNA-Konstrukts. umfassend das DNA-Konstrukt aus Anspnjch 8 operatK. zur 
TransknptKjn an ein Gen verkrupft 

10. Verfahren zur Herstellung eines VeWors zur Expression eines bestimmten Proteins in einer Saugerzelle wobei 
der Vektor das DNA-KoostruW aus AnspnJch 9 umfaOt, worin das Gen das bestimmte Protein kodierl 

11. Veriahren zur Herstellung eines Vektors nach Anspmch 10, worin das bestimmte Protein ausgewahit ist aus Lu- 
ciforaso, Chtoramphenicolacetyltransferase odor beta-Gaiactosidase. 

1 2. Verfahren zur Herstellung einer Saugerzelle translormiert mit dem Vektor von Anspruch 1 0 Oder 1 1 . 

1 3. Vertahren zur Herstellung emer Saugerzelle nach Anspruch 1 2, wonn die Zelle von e.nem Typ ist. ausgewahit aus 
CV-1, COS, F9, CHO, HeLa. NIH 3T3, Rat2-Fibroblasten, HT1080.T. HOhnerembtyo-Fibroblast Oder Wachtel- 

QT6-Zellen. 

14. Verfahren zur kontrollierlen Expressksn eines bestimmten Gens, wobei das Veriahren die Kultur von Zellen gemaO 
Anspruch 12 Oder 13 in Gegenwart Oder Abwesenheit von Retinoinsaure umfaUt. 

15. Verfahren zum Testen der Aktivitat einer TesWerbindung als Agonist von Retinoinsaure. wobei das Veriahren urn- 
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fa3i: 



16. Ve^ajren zu. Tas.en .er A«Mt., einer Tes.er..<,ung a,s An.gonis, von R«,i„oins.ure, wCel <^s Ve.ahren 

k 

(a) Kunur e,ner SaugerzeNe nach Anspruch 12 Oder ,3 in Gegenwart von Retinoinsauro und wei.or 

(i) in Gegenwart der Testverbindung Oder 

(i>) in Abwesenheit der Tesfvertindung; und anschlieflend 

(b) Verglech der Mange des wahrendder (i) und (li) Kufturschritte axprimierlan Proteins. 
Rtv^ndlcatlona 

Revindication, pour ... Et.t. contracum.. .u.vant. : AT. BE. CH. DE. DK, FR. QB. QR. IT. LI. LU. NL. SE 

lequel sag.an, pr^aTla sSanTsutJ^^ ^" '^^ — 

5-GTTCACnjn2n3n4n3GTTCAC-3' 

n,. nj, ng, n4 et nj repr6sentent chacun, Ind6pendamment. A, T C ou G. 

' nXirr^nTr:;:.^^^^^^^^^^^ - ^epr^san. G, ng repr.sen.e A, 

3. Segment d'AON cc^forme ^ la revendication 2, qui comporte la sequence suivante : 

5-AAGCTTAAGG-GTrCAC-CGAAA<3TrCAC-TCAGCIT-3' 

4. Segment d'ADN conforme ^ la revendication 3, qui comporte la sequence suivante : 

5-AAGCrrAAGG-GTrCAC<:GAAA<nTCAC-TC<X:AT-AGCnT-3 

5. Segment d-ADN conforme A la revendication 4. qui comporte la sequence suivante: 

5-AAGCITAAGG<nTOVC-<DGAAA<JTTCAC-TO3(^ 

6. ADN construit. comportant un segment rfADN confomie k I'une des revendlcations i ^ s rarrnrn^ h- , 

7. ADN construit. comportant un segment d'ADN choisi parmi 
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5-GTrCAC-CGAAA-GTTCAC-3'. 

5-AAGCTTAAGG-GTTCAC-CGAAA-GTrCAC-TCACXnT-3', 

5 -AAGCITAAGG<3TrG\C<:GAAA<riTCAC-TC<K:^ et 

5-AAGCTrAAGG<jITCAC<XJAAA<jnx::AC-T0C^ 

ce segr^en, d'ADN 6tart raccord6 de fafon op6rationnelle S un promoteur qui n'est pas normalement soumis k 
una ac>,va„on de a Iranscrip.bn par I'ackJe r6,inok,ue, et ce segmer, d'ADN et ce prLteur ^^^000^, de 
SZZT """"^ ""^ ^ — 'P'- - pT^s'ceTacl 

8. ADN construit conforme ^ la revendication 6 ou 7, dans lequel le promoteur est la promoteur A-MTV du v.rus de 
tumeur mammaire de la sourts. ^ vi . v uu virus □© 

ADN construit conforme a la revendicat«n 8, raccord* S un g^ne de fafon opera- 

ttonnelle pour la transcription. ^ ^ 

10. Vecteur d'expression pour la production d'une protdine int6ressante dans una cellule de mammtfire, lequel vecteur 
comporte un ADN constniit conforme k la revendicatlon 9. ledit g6ne codant la protdine int6ressante 

' ' ■ ^Jrl.ZLT'^^J revendlcatoi 10. la protdine intdressante 6tant choisie pa-mi la Iucrf6rase, la chtoramphd- 
nicol ac6tyl-transf6rase et la p-galactosidase. 

12. Cellule de mammlf^re transform6e par un vecteur conlonne k la revendication 10 ou 11. 

13. C^IMedemam^^^^^^^ 
po^^teni^eir^T^d^ 

14. Proc6d6 de regulation de rexpressbn d'un g^ne int6ressant. lequel procdd6 comporte le fait de cultiver des cellules 
conformes la revendication 12 ou 1 3 en pr6sence ou en I'absence d'acide rdtinoique. 

comportV^"^^"^"* ^'^^^ qu'agoniste de l-acide retinolque, lequel proc6d6 

a) le fa« de cultiver des cellules conformes k la revendication 12 ou 13 en presence ou en I'absence du 
compose teste, et ensuite, 

b) le fart de comparer la quantity de ladrte prot^ine produite, par expression g6n6tique, au cours de la culture 
effectude en presence du compos* test6 ou en son absence. 

16. Proced6 pemiettant de tester I'activitd d'un compos6 en lant qu'antagonlste de I'acide rdtinoique, lequel proc6d6 

comporte : ^ -« r 

a) le fait de cultiver des cellules conformes k la revendication 12 ou 13 en presence d'acide ritlnoique et en 
outre 



i) en presence du compost test^ ou 

ii) en Tabsence du compose test6, 



et ensuite. 



b) le fart de connparer \a quanUt6 de ladrte proteins produite. par expression g6n6tique. au cours des 61apes 
(0 et (ii) de culture. ^ 
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R»v«ndlc«lon» pour I'Eut contracunt sutvant : CS 

cellule, de n^ammrtire,, lequel segment pr^senlel s^quen^njla^.e ' ' '''' 

5'-GTTCACn,n2n3n4n3GTTCAC-3' 

oO n„ nj, nj, n, et reprdsentent chacun, incWpendamment, A, T, C ou Q. 

3. ^^-^^«^«P^°^-iond-uns™d-ADN,con,o.^^ 

5'-AAGCITAAGG-GTrCAC-CGAAA-GTrCAC-TCAGCrT-3' 
5-AAGCITAAGG-GTrCAC-CGAAA-GTrCAC-TC<}CAT-AGCIT-3' 

transcription par racST^S jT^e^ a^^^^^^^ "o^'-alemont soumis ^ una act^at«n do b 

audltprc.o.e.uneact.t.r.:reSro;rrer^^^^^ 
7. Proc6d6 de production d'un ADN constniit, comportant un segnent d'ADN choisi parnii 

S-GTTCAC-CGAAA-GTTCAC-S'. 

S-AAGCTTAAGG-GTrCAC-CGAAA-GTrCAC-TGAGCrr-S'. 

5'-AAGClTAAGG-GTrCAC<XJAAA<JTrCAC-TC-GCAT-^ 

5-AAGCITAAGG<nTCAC<XlW^<JITCAG-TOGC^^^ 

Z:^.^:^^^'^::^^^^ ' P- — .ment sou^ls . 

;aj.~.epo=^^^^ 

' p~^:s;:rr ^^^^^^ - ^. - . pr^,eur e. . 
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1 0. PtqcM^ de prcxjuction d*un vecteur cf expression pour ia production cf une protdlne intdressante dans une ceNule 
de mamrTiif6re. lequel vecteur comporte un ADN construit obtenu sekxi ta revendication 9. ledH g^e codant la 
prot^ina int6reesante. 

11. Procddd conforme k la revendication 10, la prot^ine int^ressante dtant chotsie parmi la lucrf^rase, la cMoranrtphd- 
nicol acetyl-transferase et la ^gatactosidase. 

12. Proc6d6 de production d'une cellule de mammrfdre transformde par un vecteur obtenu sekxi la revendication 10 

ou 11 

13. Procedd conforme k !a revendication 1 2, dans lequel la cellule appartient h un type choisi pamni les cellules CV- 
1. COS, F9. CHO, HeLa NtH-3T3, les fibroblastes Rat2, les cellules HT1080.T les fibroblastes d'embryon de 
poulet et les cellules QT6 de caille. 

1 4. Procdde de regulation de Texpression d'un gene intdressant, lequel proc^e comporte le fait de cuttlver des cellules 
obtenues selon la revendication 12 ou 13 en presence ou en fabsence d'acide retinoique. 

15. Procede permettant de tester I'actrvite d'un compose en tant qu'agoniste de I'acide retinoique, lequel proc6d6 
comporte ; 

a) le fait de cultiver des cellules obtenues seion la revendication 12 ou 13 en presence ou en I'absence du 
compose teste, et ensuite, 

b) le fait de comparer la quanttte de ladite proteine produite. par expression g^netique, au cours de ta culture 
effectuee en presence du compose teste ou en son absentee. 

16. Procede permettant de tester I'actrvite d'un compose en tant qu'antagoniste de I'acide retinoique, lequel proc6de 
comporte : 

a) le fait de cultiver des cellules obtenues selon la revendication 12 ou 13 en presence d'acide retinoique et. 
30 en outre. 

i) en presence du composd teste ou 

ii) en I'absence du compose teste, 

35 et ensuite, 

b) le fart de comparer la quantite de ladite proteine produite, par expression gen6tique, au cours des etapes 

(i) et (ii) de culture. 
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